Free-living amoebas (FLAs) are ubiquitous protozoa akin to bacteria, fungi, and algae. FLAs are found all around us, including in dust, seawater, soil, the atmosphere, and lakes \[[@b1-kjp-58-2-191]\]. FLAs are classified as several species. Of these species, *Balamuthia, Naegleria, Sappinia, Vermamoeba* (formerly *Hartmannella*), and *Acanthamoeba* have been reported to infect humans and animals \[[@b2-kjp-58-2-191]\]. The symptoms of the infections varied by individual case and FLA species \[[@b3-kjp-58-2-191]\]. In the case of *Naegleria* infection in humans, encephalitis, such as primary amebic meningoencephalitis, has been observed. *Acanthamoeba, Vermamoeba, Sappinia*, and *Balamuthia* infections have primarily been observed in the eyes, a condition known as amebic keratitis \[[@b4-kjp-58-2-191]--[@b8-kjp-58-2-191]\]. In recent studies, *Acanthamoeba* has also been observed as one of the potential allergens leading to airway inflammation through intranasal infection \[[@b9-kjp-58-2-191]\]. The tap water for many public facilities as well as large residential and office buildings is stored in storage tanks and supplied through individual water pipes when needed for activities such as drinking, washing, and cooking \[[@b10-kjp-58-2-191]\]. These water storage tanks can be easily contaminated by external pollutants in the air. In addition, special circumstances, such as flooding and heavy rains, can cause wastewater to flow backward from basement water tanks to the rooftop water tanks, resulting in extreme contamination of the tap water \[[@b11-kjp-58-2-191]\]. For this reason, 79% of USA and 89% of UK household tap water samples have been reported to contain FLAs \[[@b11-kjp-58-2-191],[@b12-kjp-58-2-191]\]. In this study, we investigated the FLA contamination rate in the tap water supplies of office buildings, apartments, and restrooms of highway service areas in South Korea. FLA contamination rates and genetic classification of species were investigated. A total of 163 tap water samples was collected using water sample bottles (MEDI-LAND, Seoul, Korea) from 37 apartments, 102 office buildings, and 24 highway service areas. Each 500 ml sample of tap water was filfered through 0.2 μm pore filter (Adventec MFS, California, USA). The exposed filters were placed upside down on 1.5% of agar plates, which were smeared with heated *Escherichia coli* and then incubated at 25°C. After one week, trophozoites or cysts of FLAs were detected under a microscope. A single cyst of each FLA was moved to a new *E. coli* treated agar plate under a microscope and then observed for additional growth of FLAs without any contamination. A piece of an agar plate with many FLA cysts was treated with 0.1N HCl for 24 hr for axenization. The agar plate was incubated according to previous reports \[[@b13-kjp-58-2-191]\]. Each FLA was named as KFA (Korean Free-living Amoeba) followed by a number (according to the detection order). To identify the genetic level of the FLAs, genomic DNA was extracted according to manufacturer protocols (Qiagen, Valencia, California, USA). Genetic analyses were performed with 18S-rDNA partial sequences of the FLAs. The primer sequences for 18S-rDNA were 5′-TTT GAA TTC GCT CCA ATA GCG TAT ATT AA-3′ and 5′-TTT GAA TTC AGA AAG AGC TAT CAA TCT GT-3′. Phylogenetic analyses were performed with FLA isolates and 2 reference sequences (*A. lugdunensis* KA/E26 EF140627 and *V. vermiformis* CRIB-06 DQ123623) using the MEGA6 program.

Following the analyses, we found that 21 out of 163 (12.9%) tap water samples were contaminated with FLAs. The shapes of the cysts were very similar each other; the size of cysts were belong to 5--25 μm and they have 2 layers of membranes commonly ([Fig. 1](#f1-kjp-58-2-191){ref-type="fig"}). FLAs were detected in 4 samples from apartments (10.8%), 9 samples from office buildings (8.8%), and 8 samples from highway service areas (33.3%) ([Table 1](#t1-kjp-58-2-191){ref-type="table"}). The observed FLA contamination rate was higher for highway service areas than apartments and office buildings. In order to determine the FLA contamination rate by region, we divided the FLA contaminated tap water samples into 8 regions ([Table 2](#t2-kjp-58-2-191){ref-type="table"}). FLA contamination was the highest in the Gyeongbuk region (north of Gyeongsang province), including Daegu (25.8%). In the Gyeongnam region (south of Gyeongsang province), which includes Busan and Ulsan, an FLA contamination rate of 16.1% was observed. In order to identify species, we isolated all FLAs from the contaminated tap water samples and ultimately collected 21 different FLAs. The genetic variation in the 21 different FLAs was analyzed using 18S-rDNA sequencing. We found that 20 of the FLAs were genetically similar to *V. vermiformis*. The remaining FLA was genetically similar to *A. lugdunensis* KA/E26 ([Fig. 2](#f2-kjp-58-2-191){ref-type="fig"}).

FLAs are distributed in the components of many of our environments, such as dust, wastewater, sea water, soil, river, and the atmosphere, along with many other pollutants \[[@b14-kjp-58-2-191],[@b15-kjp-58-2-191]\]. FLAs belonging to the *Acanthamoeba, Balamuthia*, and *Naegleria* species are important causes of numerous diseases in humans and animals. They infect a host through cyst formation before developing trophozoites and reproducing by mitosis \[[@b16-kjp-58-2-191]\]. They can enter the eyes, skin, lungs, and brain, resulting in severe pain. FLAs also live in contact lenses and eyewash solutions, and they have the potential to induce amebic keratitis \[[@b17-kjp-58-2-191],[@b18-kjp-58-2-191]\]. Recently, with increasing interest in personal beauty, the utilization of contact lenses has increased. At the same time, the number of amebic keratitis patients in the U.K increased to 59 million as of 2016 \[[@b19-kjp-58-2-191]\]. In addition to amebic keratitis, *Acanthamoeba* has also been found to cause allergic airway inflammation in a recent study \[[@b9-kjp-58-2-191]\]. The isolated FLAs in this study were genetically related to *V. vermiformis* and *A. lugdunensis* KA/E26. *A. lugdunensis* KA/E26 has already been investigated, revealing genetic similarity to *A. lugdunensis* L3A and *A. lugdunensis* KA/E2. Numerous genetic isoforms of KA/E2 have been isolated from water, lens cases, and human eyes in Korea \[[@b13-kjp-58-2-191],[@b20-kjp-58-2-191]--[@b23-kjp-58-2-191]\]. These genetic isoforms have been reported as a pathogen of amebic keratitis and potential allergen leading to airway inflammation \[[@b24-kjp-58-2-191]\]. Many studies in various countries have investigated FLA contamination rates \[[@b25-kjp-58-2-191]\]. For example, in the U.S., 79% of household tap water samples were contaminated with FLAs \[[@b11-kjp-58-2-191]\]. Likewise, in the U.K., 89% of household water samples contained FLAs \[[@b11-kjp-58-2-191],[@b12-kjp-58-2-191]\]. In our study results, 33.3% of tap water samples from highway service areas were contaminated with FLAs. Although *Acanthamoeba* was not detected in any samples, *Vermamoeba* also has potential pathogenicity to humans \[[@b26-kjp-58-2-191]\]. Furthermore, because the life cycle of the 2 FLAs (*Vermamoeba* and *Acanthamoeba*) are very similar, *Acanthamoeba* could become more prevalent if we do not carefully maintain the storage water tanks.

In conclusion, we found that 12.9% of tap water in buildings with water storage tanks was contaminated with FLAs. Thus, it is necessary to determine the exact FLA contamination rate and establish regulatory policies for minimizing FLA contamination of tap water in South Korea.
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![Phylogenetic tree of 21 KFA isolates in Korea. Phylogenetic classifications were analyzed using 18S-rDNA with the MEGA6 program, the neighbor-joining method, and bootstrap analysis (1,000 replicates) based on the ClustalW algorithm. SA, service area; A, apartment; B, building. GenBanK acc. No.: *A. lugdunensis* KA/E26, EF140627; *V. vermiformis* CRIB-06, DQ123623. No. of KFA1 -- KFA21 were assigned to MT071758 -- MT071778.](kjp-58-2-191f2){#f2-kjp-58-2-191}

###### 

FLA contamination rate by building type

  Building type          No. of samples   FLA detected samples (%)
  ---------------------- ---------------- --------------------------
  Apartment              37               4 (10.8)
  Office building        102              9 (8.8)
  Highway service area   24               8 (33.3)
  Total                  163              21 (12.9)

###### 

Regional FLA contamination rate

  Region                     No. of samples   FLA detected samples (%)
  -------------------------- ---------------- --------------------------
  Incheon, Seoul, Gyeonggi   42               2 (4.8)
  Daejun, Chungchung         15               1 (6.7)
  Jeonnam, Jeonbuk           10               0 (0.0)
  Daegu, Gyeongbuk           31               8 (25.8)
  Busan, Ulsan, Gyeongnam    62               10 (16.1)
  Gangwon                    1                0 (0.0)
  Jeju                       2                0 (0.0)
  Total                      163              21 (12.9)
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